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BIOASTRONAUTICS AND EXTRATERRESTRIAL LIFE 

Horacio Marco Moll 

ABSTRACT. Consideration of b io logica l  explorat ion of 
space a s  a poss ib le  means of determining t h e  o r ig in  of l i f e  
on t h e  ear th.  Russian and American experiments with probes 
and s a t e l l i t e s  are b r i e f l y  out l ined,  and a t t e n t i o n  is given 
t o  t h e  p o s s i b i l i t y  of l i f e  on Venus, Mars, and Jup i t e r .  
The p o s s i b i l i t i e s  of e x t r a t e r r e s t r i a l  l i f e  a r e  c lose ly  
r e l a t e d  t o  profound s t r u c t u r a l  changes of l i f e  ma te r i a l  
which, on those planets ,  has  adapted t o  the  environmental 
conditions which a r e  d i f f e r e n t  from those on E:j.rth. 
A70-46000. 

Introduct ion 

One of 

conquest of 

explorat ion 

l i f e .  

t h e  most fasc ina t ing  quest ions which man faces today, besides t h e  

space, lies i n  t h e  c e n t r a l  problem of b ioas t ronaut ics  , b io log ica l  

of space, a s  w e l l  as i n  the  poss ib le  explanation of t h e  o r i g i n  of 

Man has speculated across  t i m e  about t h e  poss ib le  ex is tence  of inhabi ted 

worlds, bu t  i n  each case i n  an uncertain form. In  t h i s  uncertainty,  human ima- 

g inat ion has predominated which f o r  a long time has  been polar ized i n  so-called 

science-fiction. 

4 

Today with space explorat ions,  t h e  unreal  and imaginative s i t u a t i o n  has 

taken a more prec ise  and sc' n t i f i c  course, s ince  man is now ab le  t o  c r ea t e  

simulating devices which can study the  surv iva l  of t he  beings which inhabi t  t h e  

- 
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Numbers i n  t he  margin ind ica t e  t h e  pagination i n  the  o r i g i n a l  fore ign  tex t .  



t e r r e s t r i a l  sur face  and thus obtain a s e r i e s  of conclusions t h a t  l a t e r  may b e  

confirmed o r  r e j ec t ed  i n  fu ture ,  more complete, explorat ions.  

This i n t e r e s t  i n  problems of b ioas t ronaut ics  a rose  during 1968, i n  t he  

fourth Symposium of Astronautics and Space Exploration, which took p lace  between 

June 24 t o  June 27 i n  San Antonio, Texas, i n  which i n t e r e s t i n g  repor t s  about 

these  matters were presented. 

The Fie ld  of Exploration of B i o a s t r o n ~ u t i c s  .- 

The f i r s t  problem t h a t  a r i s e s  i n  t h e  f i e l d  of t hese  explorat ions i s  dis tance.  

The nea re s t  s t a r  t h a t  seems t o  be  of any i n t e r e s t  from t h e  b io log ica l  po in t  of 

v i e w  is t en  l i g h t  years  away. Remembering t h a t  it i s  impract ical  t o  express 

t he  d is tance  t o  c e l e s t i a l  bodies by t e r r e s t r i a l  standc.rds - such as t h e  

kilometer o r  mile  -- due t o  t h e  d i f f i c u l t y  i n  handling such l a r g e  terms, and 

t o  cope with t h i s  d i f f i c u l t y ,  astronomers have come c.1 with t h e  l i g h t  year  a s  

a measure, which represents  t he  d is tance  through ~ h i c n  l i g h t  t r a v e l s  i n  a 

vacuum i n  a year. P rac t i ca l ly ,  a l i g h t  year  is :zqui ~ a l e n t  t o  10 b i l l i o n  k i lo-  

meters, thus pos i t ion ing  the  s t a r  j u s t  mentioned at a d is tance  of 100 b i l l i o n  

kilometers from Earth,  remembering, a s  a compar-tson, t h a t  t h e  mean d is tance  

between two galaxies  is  a mi l l ion  l i g h t  years.  

Coming back t o  the  subjec t  of t h e  nea re s t  s t a r  of b io log ica l  i n t e r e s t  ( ten  

l i g h t  years ) ,  it would requi re  a minimum veloc i ty  of 30 kmlsec (hard t o  obta in  

permanently, even though Apollo Y I I I  and X obtained the  38 kmjsec ve loc i ty  re- 

quired t o  escape the  Earth 's  g rav i t a t i ona l  f i e l d  and. Bead towards the  moon). 

Even when t h i s  was acquired, the  t r i p  would take a t  l e a s t  100,000 years ,  no t  

considering t h e  xeturn t r i p .  This no t  only r u l e s  out  the  p o s s i b i l i t y  of human 

beings g e t t i n g  there ,  bu t  a l s o  t h e  p o s s i b i l i t y  of ~ m i n t a i n i n g  t h e  innumerable 

and d e l i c a t e  instruments which t h e  spacecraf t  would have t o  ca-. .v. 

~t is poss ib le  t h a t  t he  technica l  problem of propulsion could be solved,  

s ince  a t  t he  present  t i m e  a s e r i e s  of s tud ie s  and expsri.ment8 are being ca r r i ed  

out  by the  Russians as w e l l  as the  Americans t o  u t i l i z e  atomic enezgy t o  reach 



v e l o c i t i e s  on the  order  of 60,000 kmlsec. However, i t  would s t i l l  take 200 

years  f o r  a round t r i p ,  which is  outs ide  the  range of today's technology. 

Due t o  a l l  of t h i s ,  we must exclude f o r  a long time the  p o s s i b i l i t y  of 

t r ave l ing  beyond our s o l a r  system, s ince  w e  must remember t h a t  Venus i s  a t  a 

minimum dis tance  of 40 mi l l ion  kilometers,  Mars - 57, J u p i t e r  - 587, and 

t h e  most remote one from Earth,  Pluto,  l i e s  a t  a d i s tance  of 4,350 mi l l lon  

kilometers away. 

I n  t h e  present space explorat ion program, Mercury has been to ta l13  ex-- 

cluded due t o  i ts  proximity t o  t h e  Sun. P l c to  and Uranus had a l s o  been 

excluded due t o  t h e  grea t  d i s tance  between them and Earth,  but  according t o  

t h e  l a t e s t  plans it  has been decided t o  send a s p e c i a l  vehic le  t o  Jup i t e r ,  

Saturn, and Pluto. 

Experiments Performed up t o  t h e  Present  

The Russians have sen t  space vehic les  which were ca l l ed  Venus o r  Venera. 

The l a s t  two have landed s o f t l y  by means of a s p e c i a l  system of parachutes on 

t h e  16 and 17 of May of t h e  present  year. 

These vehic les  t h a t  t he  Russians have launched weighed 1,130 k i l o s ,  and 

according t o  information i t  seems t h a t  they have deposited 405 k i l o s  of ins t ru-  

ment at ion.  

The l a s t  landing of a Russian space vehic le  took p lace  on October 18, 1967 

with "Venus 4". These spacecraf t  took about four  months t o  reach t h e i r  

object ive.  

The Americans, on t h e i r  p a r t ,  have s e n t  t h e  "Mar iner 'ber ies  which up t o  

now have passed by but  have sen t  back i n t e r e s t i n g  da t a  t h a t  coincide with the  

da ta  of t h e  Russian Venus spacecraf t .  



A t  t h e  present moment, it i s  foreseen t h a t  a "Mariner" weighing 405 k i l o s  

w i l l  study the  sur face  and atmosphere of Mars with the  objec t ive  of es tab l i sh-  

i ng  fu tu re  bases f o r  experiments i n  t he  search f o r  e x t r a t e r r e s t r i a l  l i f e .  

These American vehicles  comain  an in f r a red  spe, Dmeter t o  measure t h e  

s p e c t r a l  energy coming from Mars' I2wer atmosphere; an in f r a red  radiometer t o  

measure t h e  thermal erergy coming from t h e  Martian surface;  an u l t r a v i o l e t  

rad ia t ion  spectrometer t o  determine t h e  components of t h e  atmosphere. 

They a l s o  carry photographic t e i ev i s ion  equipment a s  wel l  a s  a 

device t o  measure t h e  atmospheric pressure,  densi ty  and va r i a t i ons  of l a t i t u d e  

and a l t i t u d e .  

Hypothesis on the  Possible  Existence of L i f e  on Venus 

Up t o  t h e  present ,  t h e  only e x i s t i n g  da t a  on t h e  cons t i tuents  of t h e  

atmosphere of Venus a r e  those obtained by the  Russian Venus and t h e  American 

"Mariner". (We s t i l l  do not  have t h e  da t a  obtained by the  last two Russian 

vehicles  which a r r ived  on Venus on the  da te  already mentioned i n  May.) 

She atmosphere of Venus i s  made up of CO gas which may reach up t o  90%. I665 
2 - 

Nitrogen is  completely absent ,  and hydrogen e x i s t s  i n  a s m a l l  content (up t o  

1.5%). It contains  some water vapor, and oxygen seems t o  occupy from 7 t o  14% 

of t h e  atmosphere. 

The Russian exper t s  a f f i rm t h a t  t h e  atmospheric densi ty  on Venus is  15 

times g rea t e r  than t h a t  of t h e  Earth. A l l  these  da t a  have been confirmed by 

the  "Mariner 2" and "Mariner 4" da t a  s en t  t o  Earth. 

The problem t h a t  has caused some controversy is t h e  atmospheric pressure 

and temperature, even though they were t o t a l l y  confirmed by Venus 5 and 6. 

"Venus 4" reported a sur face  temperature of 270°C and an atmospheric 

pressure of 20 atmospheres, while "Mariner 4" reported t h e  same d a t a  f o r  an 



Figure 1. Space vehicle "Venus 4". It carr ies  the  capsule (4) which is 
equipped with instruments and a parachute. 1 - op t i c  system f o r  astro- 
navigation; 2 - so la r  sensing capsule; 3 - magnetometer; 4 - launching 
capsule; 5 - so la r  panels; 6 - low frequency antenna; 7 - high frequency 
antenna. 

Figure 2. Space vehicle Mariner I V .  1 - s o l a r  sensing capsule; 2 - so la r  
panels; 3 - low frequency antenna; 4 - magnetometer; 5 - high frequency 
antenna. 



a- l t i tude  of 25 kilometers.  

The American astronomer Von R. Eshleman, who consulted t h e  Russians i n  4 

Kiev on t h i s  discrepancy, decided t h a t  the  Russian vehic le  had stopped emit t ing 4 
, .if 

da ta  a t  an a l t i t u d e  of 25 kilometers,  and therefore ,  the atmospheric pressure of ,7; ..a 
Venus would be around 70 t o  150 atmospheres, with a temperature of t h e  order 

of 327OC t o  527OC, which was t h e  l a s t  temperature recorded by the  l a s t  two I666 

Venus space probes which reached t h e  planet .  

Evidently, t h e  exis tence of such temperatures ru l e s  out t h e  ex is tence  of 

l i f e  a s  we know i t  on Earth. 

On t h e  o ther  hand, the  Russians have t r i e d  t o  explain the  physical  compo- 
. - 

s i t i o n  of t h e  planet  Venus. Thus, t he  geochesist  Aleksander P. Vinogradov - 
a s s w e s  t h a t  Venus is  a hot  rocky dese r t ,  impregnated with oxides of i ron ,  and 

t h a t  i ts in tense  evaporation is  caused by i ts proximity t o  t h e  Sun. Venus' _-- > 

2 -- 
atmosphere, l i k e  our own, has t h e  p a r t i c u l i a r i t y  of absorbing in f r a red  rays.  2 

Obukhov s t a t e s  t h a t  t h e  cl imate of Venus is  typ ica l ly  cloudy, bu t  lacks  

p rec ip i t a t i on .  

Another notable  c h a r a c t e r i s t i c  which w a s  detected by the  sDace probes is  

the  so-called "ve r t i ca l  ad i aba t i c  gradient" which was 10.4°C/km f o r  t h e  

atmosphere of Venus, whereas i t  is  10CC/km on Earth, which gives us  similar 

conditions.  This is what is presently known about t h e  composition of t h e  

atmosphere of G e r ~ ~ s .  But the  b a s i c  question is  t o  f i nd  out whether t he re  is 

any p o s s i b i l i t y  of l i f e .  We have seen t h a t  carbon (CO ) dioxide e x s i s t s  j u s t  a s  
2 

does oxygen. The temperature and t h e  atmospheric pressure are very high. 

The f i r s t  t h ing  we have t r i e d  t o  i nves t iga t e  is  the  poss ib le  o r i g i n  of 

carbon dioxide. There a r e  two poss3:bilities. One i s  of geochemical or ig in :  

t h e  decomposition of t h e  sur face  carbonates on Venus by hea t ,  which t h e  

Russians assume. On t h e  o ther  hand, we have the  theory defended by the  Nobel 

p r i ze  winner Libby and he ld  by severa l  experts  who a f f i rm  t h a t  i t  may be  due 

6 
I 
C 



t o  t h e  exis tence of vigorous vegetatioil which could be  compared t o  t h e  carbon 

dioxide which ex is ted  i n  grea t  quan t i t i e s  during t h e  development of an exuberant 

f l o r a ,  s t i l l  pr imit ive.  4; 

The l a t t e r  exper t s  (attempting t o  subs t an t i a t e  t h i s  hypothesis) t r y  t o  

co r r e l a t e  s i m i l a r i t i e s  between the  Earth and Venus, s ince  they have coxparable 

dimensions (Earth's diameter i s  about 12,756 kilometers,  while Venus ' diameter 

is 11,996 kilometers which is 0.98 t h a t  of t h e  Earth).  They have s imi l a r  mean 

densi ty  ( the  Earth 's  is  5.52, while  enu us' is  4.44). This might i n d i c a t  2 

t h a t  they possibly have t h e  same chemical composition and even a s imi l a r  h i s to ry  

of erupt ions 

The problem of temperature s t i l l  remains. It i s  t r u e  t h a t  t he  vehicles  

have not  detected temperatures a t  d i f f e r e n t  l a t i t udes .  Assuming t h a t  t h e  

physical s t a t e  of Venus is  s imi l a r  t o  t h a t  of t he  Earth,  t h l s  is  the  reason 

f o r  t h e  theory t h a t  t h e  higher  temperatures predominate around t h e  equa to r i a l  

band where t h e  s o l a r  rays h i t  d i r ec t ly .  On t he  poles,  it is  speculated t h a t  

t he re  a r e  i c e  caps with heights  of up t o  ten kilometers which extend t o  a 

l a t i t u d e  of 45', which means t h a t  t h i s  i c e  could have been formed by volcanic  

water vapor. 

Be ;een these two bands zones could e x i s t  with a moderate temperature 

which would f a c i l i t a t e  t he  presence of small amounts of water and, consequently, 

of l i v i n g  organisms 9 

I f  we a r e  t o  assume the  poss ib le  exis tence of a temperature whish could 

support l i f e  a s  w e  know i t  on Earth, w e  must study the  poss ib le  compatibi l i ty  

between forms of l i f e  on t he  Earth and such an extreme atmosphere l i k e  t h a t  

of Venus i n  terms of its carbon dioxide e m t e n t .  

A group of experts  headed by Libby s t a r t e d  during 1968 a series of experi-  
I667 ments s imulat ing t h e  atmosphere of Venus. The f i r s t  t e s t s  have taken p lace  - 

under a 100% carbon dioxide atmosphere which is  more much extreme than t h e  



real. s i t u a t i o n ;  t h e  temperature used was equivalent t o  an average temperature 

on Earth. The pressure used was sea  l e v e l  pressure.  

Only a c e r t a i n  member of algae, espec ia l ly  t h e  spec ies  Chlorel':. Vulgaris 

were ab l e  t o  develop under t he  extreme atmosphere, out of al.1 tne  p.l;mts t h a t  

were used i n  the  experiment. 

Present ly,  f u r t h e r  experiments a r e  being made with t h e  algae t h a t  survived 

t h e  above conditions,  bu t  under the  high pressures  s i m i l a r  t o  those observed 

on Venus. 

Brock, of t h e  University of Indiana, is  running expeziments, independently 

from Libby 's, on the  possible  exis tence of l i f e  a t  high temperatures. 

It is  we l l  known t h a t  l i v i n g  c rea tures  may e x i s t  i n  hot  waters ,  p s r t i c u l a r l y  

i n  volcanic erupt ions o r  geysers. Very unusual f l o r a  and fauna have been 

found i n  t he  geysers, capable of r e s i s t i n g  temperatures up t o  75'~. Protozoas, 

mushrooms, and severa l  types of b lue  algae have also been found. 

A temperature of 9S°C (boi l ing  poin t  of most geysers) allows bac t e r i a  t o  

e x i s t ;  t h i s  has been the subjec t  of experiments by Brock, with s a t i s f a c t o r y  

r e s u l t s ,  

One can conclude t h a t  s ince  even t e r r e s t r i a l  forms of l i f e  can adapt t o  

extreme conditions which may not  be exact ly l i k e  those of Venus - some kind 

of l i f e  may e x i s t  on the  planet  even i f  i t  is  more pr imi t ive  than t h a t  on the  

Earth,  The forms of l i f e  which b e s t  adapt t o  such extreme condit ions as in- 

tense  cold (as  is t h e  case with t h e  permanently frozen lakes of S iber ia ) ,  

temperatures which reach bo i l i ng  poin t  ( t he  already mentioned geysers) ,  and 

t h e  microorganisms which reign i n  t h e  depths of t h e  oceans under pressures  

of 7Q0 t o  1,000 atmospheres (much higher  than those on Venus) develop pe r f ec t ly  

even when t h e i r  organizat ion is very pr imi t ive  with hardly any d i f f e r e n t i a t e d  

organs. They represent  t r aces  of the f i r s t  beings which inhabi ted the  Earth 

under conditions equivalent t o  those on Venue. 



Theory on t h e  Possible  Existence of L i f e  on Mars 

On June 14, 1965, "Mariner IV" t ransmit ted t o  Earth a s e r i e s  of i n t e r e s t i n g  

da ta  while i t  passed Mars a t  a dis tance of 5,600 miles.  These da t a  included 

a s e t  of p ic tures  taken i n  groups of 21 a t  48 second i n t e r v a l s ,  thus covering 

d i f f e r e n t  p a r t s  of Mars. 

From the  da t a  obtained, i t  has been estimated t h a t  t he  mean temperature is  

about 50°C l e s s  than t h a t  on Earth, with grea t  da i ly  va r i a t i ons  of t h e  order  

of 100°C. 

It was observed t h a t  around the  equator,  t h e  t e w e r a t u r e  goes from 30°C 

t o  -70°C during the  Martian summer. 

The atmosphere contains mainly carbon dioxide a t  a proportion of almost 

loo%, with a small  amount of water vapor. 

Up t o  the  present ,  oxygen has not  been detected nor  has ni t rogen.  That is 

the  reason behind t h e  b e l i e f  t h a t  Mars receives a very in tense  u l t r a v i o l e t  

r ad i a t ion  i f  it has no other  type of protect ion.  A magnetic f i e l d  is  a l s o  

absent,  and i t  is thus more exposed t o  in tense  s o l a r  wind bombardment. 

Atmospheric pressure seems t o  be  s o  small t h a t  i t  is more than one hundred 

times smaller than pressure a t  sea l e v e l  on the  Earth. 

A s  one can ol?serve,conditions on the  planet  Mars a r e  not  a d q u a t e  f o r  l i f e  

t o  e x i s t  there.  The only f ea tu re  i t  has i n  common with respec t  t o  t he  atmos- 

phere of Venus is  the  grea t  amount of carbon dioxide. The o thcr  condit ions 

a r e  completely d i f f e r e n t .  But i n  s p i t e  of t h i s ,  t he re  a r e  many reasoils t o  

be l ieve  t h a t  l i f e  may e x i s t  there ,  and t h a t  t h i s  l i f e  may be compatible with 

t h a t  of beings which l i v e  on the  Earth. 



It is a l s o  knowr, t h a t  t he  topography shown ky the  photos s en t  by 

"Mariner IV" ,  i nd i ca t e  a very rough ~ u r f a c e ,  which may crea te ,  from the  polar  

zonec t o  the  Equator, a grea t  d i v e r s i t y  of loca l ized  micro-environments with 

unusual i l luminat ion f ac to r s ,  temperature f ac to r s ,  e t c . ,  a l l  of which may 

f a c i l i t a t e  the  development of severa l  types of beings. 

Although its diameter i s  l e s s  than ha l f  t he  diameter of Earth and i t s  

mass is one-tenth of the  Earth 's  mass, i t s  inc l ina t ion  with respect  t o  i ts 

o r b i t  and period of ro t a t ion  make i t s  d iu rna i  rhythm, supplemented by 

seasonal var ia t ions ,  very s imi l a r  t o  the  ones on Earth. 

In  order t o  f i nd  more about t h i s  ztmosphere, t h e  U.S.A. launched 

"Marlner V I "  l a s t  month, on the  25th of February. A+ the end of 165 days, 

i t  should en te r  Mars' o r b i t  and then s t , a r t  t o  send information back t o  

Earth t o  so lve  a l l  t he  unknown problems and t o  f i nd  out  i f  t he re  is, o r  i f  

t he re  ever w a s ,  l i f e  on t h a t  planet .  

Many i nves t iga to r s  are experimenting i n  t he  laboratory by "reproducing 

the  Martian atmosphere" (Young, e t  a l ;  Packer, et  a l ) .  They have found t h a t  

c e r t a i n  micro-organisms may survive severa l  months under thermal o s c i l l a t i o n s  

which v a ~ i e d  fr3m -60°C t o  +20°C and under very in tense  u l t r a v i o l e t  rad ia t ion .  

Another prov-n f a c t  is t h a t  c e r t a i n  organisms, which were subjected t o  

thetmal treatment f o r  four hours a t  25OC and the  rest of t he  cay a t  -70°C, 

with t h i s  done under severa l  repeated cycles ,  were ab l e  t o  s r r~vive .  It w a s  

a l s o  found t h a t  they could adapt t o  t h i s  environment, and t h a t  they could 

-. reproduce by d iv is ion .  Other thermal experiments dere  a l so  performed, 

always simulating t h e  poss ib le  con;'.itions of thermal fluctuat:!.as on Mars, 
+. 

and they a l s o  adapted t o  these extreme temperatures. It may thus be con- - & 

cluded t h a t  a t  l e a s t  elementary organisms e x i s t  on Mars. 

Professor Siegel ,  who is a s sc - i a t ed  with Union Carbide Research I n s t i -  

t u t e ,  has  published an unusual work under t h e  t i t le ,  "An Experimental 
1; 

- 

. 



Approach t o  E x t r a t e r r e s t r i a l  Biology", i n  which he used highly developed 

plant  l i f e .  

The importance of Phytohormones is we l l  known i n  t h e  development i n  

p lan t  l i f e .  They r egu la t e  and condition the  processes of growth and 

development of p lan ts ,  which are solnetimes conditioned by ecologica l  f ac to r s ,  

espec ia l ly  temperature, l i g h t ,  oxygen, water,  e t c .  Siege1 d i rec ted  h l s  

s tud ies  toward the  possible  r e s u l t s  which the  exis tence o r  non-existence of 

oxygen could have i n  t he  Martian atmosphere i n  t h e  l i b e r a t i o n  of Phyto- 

hormones, which a r e  responsible  f o r  growth. 

In  these experiments performed i n  t h e  "Martian simulators", results were 

obtained which indicated t h a t  t e r r e s t r i a l  p l an t s  which can survive i n  

atnospheres with a low oxygen content could e x i s t  on Mars. 

Experiments were ptrformed with kidney beans and peas, which developed 

pe r f ec t ly  i n  an atmosphere which contained only 5% oxygen. It xas es- 

tabl ished t h a t  the  metabolic processes of these  p l an t s  underwent grea t  

transformations, and the  t o t a l  content of l i p i d s ,  espec ia l ly  f a t t y  l i p i d s ,  -- 1669 

was half  t ha t  which would develop under a nonnal atmosphere. The carbonic 

hydrates (s tarches,  ce l lu lose ,  and sugars) were 200-300% higher  than normal. 

This means t h a t  t he  decrease of oxygen with a high proportion of carbon 

dioxide increased t h e  photosyntkesis process, espec ia l ly  with respect  t o  t he  

cel lulose.  This subs tan t ia tes  tse Erypothesis t ha t ,  during the  Carboriiferous 

period, t h e  t e r r e s t r i a l  atmosphere had a composition which was s imi l a r  t o  t h e  

Martian. This es tab l i shed  t h e  tremendous developmeilt of f o r e s t s  of f ems 

which, with the  enormous amounts of ce l lu lose ,  represented the  e s s e n t i a l  

mater ia l  f o r  t h e  formation of mineral coa l  deposi ts  which e x i s t  on t h e  

Earth. It has a l s o  been found t h a t  t he  l i gn in  content,  ( t he  produce which 

forms p a r t  of t he  c e l l  wal l s  of p l an t s  and whose chemical composition is 

present ly being c l a r i f i e d )  w a s  approximately 40% less than t h a t  of normal 

plants .  



'Inese experiments a lso  indicated tha t  there is a s l i g h t  dependence 

between oxygen content and temperature. The experiments showed that  pickle 

plants subjected t o  a Martian atmosphere containing 2% oxygen developed 

perfect ly with a tenperature of -lO°C, whereas they rapidly died i f  the 

temperature was O°C with an oxygen content of 20%. It was found i n  most of 

the  plants studied tha t  a decrease i n  the oxygen content caused an increase 

i n  the resistance t o  cold, which apparently would f a c i l i t a t e  l i f e  on Mars. 

It has been speculated tha t  there are  n i t r i c  oxides i n  the Martian 

atmosphere, and t h i s  could prevent the  development of any kind of l i f e .  

That d i f ferent  authors, including Siegel,  have shown that  many plants  l i k e  

rye  can germinate i n  an atmosphere devoid of oxygen, which is replaced by 

an atmosphere containing N 0 .  
2 

Similar r e s u l t s  have been obtained with d i f ferent  seeds of r i c e ,  

tomatoes, and beans, which were subjected t o  an atmosphere of nitrogen 

with n i t r i c  oxides. 

A l l  of these experiments indica te  tha t ,  i n  theory, a cer ta in  type of 

l i f e  may exist, i n  which there is a small amount of oxygen, low pressure, 

great f luctuations during the  day in temperature, ionizing radiat ion,  etc.  

The problem of water remains t o  be solved. Siegel indicates tha t  Mars 

is  a planet which is old geologically and tha t  i ts  surface, which is red, 

indicates tha t  it is a typical ly  l a t e r i t e  surface, r i ch  i n  iron,  s imi lar  t o  

the  t ropical  areas on the Earth. From a l l  the  data obtained up t o  the  

present, i t  has been noted tha t  the ammc of water i s  low, which would 

l i m i t  the  poss ib i l i ty  of any type of l i f e  which depends on water, such as 

w e  a r e  familiar  with on Earth. The absence of water impl ic i t ly  Indicates 

the lac': of any form of l i f e .  

We have omitted t h e  hypothesis tha t  frozen land could e x i s t  on Mars, 

a s  w e l l  a s  a frozen layer located a cer ta in  depth below the  surface. The 

existence of water is always possible, a t  l e a s t  tha t  which is cal led juvenile 



water having purely volcanic or ig in .  It is apparent t h a t  a l l  t h e  p l ane t s  

have a more o r  l e s s  s imi l a r  or ig in ,  although they may d i f f e r  i n  t h e i r  present  

developmental stage. We may assume t h a t  t he re  a r e  oases extendin2 a varying 

d is tance  over t h e  sur face  of Mars. In  order  t o  prove the  ex is tence  of 

p l an t s  which could resist the  complete absence of water,  s eve ra l  unusual - 1670 

experiments have been ca r r i ed  out on a t o t a l  of 100 species  of p l an t s  t h a t  

grow in deser t  regions. These s tud ie s  have ind ica ted  t h a t  t h e  Peru cactus  

and an African Aloe, which belong t o  t h e  succulent  c l a s s ,  could adapt t o  

extreme conditions.  When placed i n  an environment with no water f o r  t h ree  

months, severa l  coniferous species  survived, including t h e  small Swiss pine,  

t h e  Japanese dwarf yew t r e e ,  t h e  At las  b lue  cedar and t h e  black pine. It 

w a s  shown i n  a l l  of these  cases t h a t ,  i n  addi t ion  t o  t he  r e s i s t ance  t o  lack  

of water, there  is  a c lose  r e l a t i onsh ip  between oxygen deficiency and r e s i s - .  

tance t o  low temperatures. 

Experiments have a l so  been ca r r i ed  out  with animals a s  w e l l  as with 

p l an t s  t o  test t h e i r  adap tab i l i t y  t o  conditions on Mars. 

As w a s  assumed, they had more d i f f i c u l t y  i n  adapting, although t h e r e  

were some su rp r i s ing  cases. The red land t u r t l e  managed t o  surv ive  under 

an atmospheric pressure equal  t o  t h a t  a t  an a l t i t u d e  of 16 km f o r  more 

than th ree  months. There w a s  an unusual anomaly i n  t h a t  a l l  warm-blooded 

animals, espec ia l ly  man, reac tea  t o  the  lack  of oxygen with an increase  i n  

t he  number of red corpuscles. This produced a physiological  h i p e r e r i t r o s i s .  

This  did not  happen t o  t h e  red land t u r t l e ,  although the re  w a s  a poin t  when 

t h e  reciuction was such t h a t  t he  t u r t l e  could not  maintain an adequate 

c i r cu l a t ion ,  even when normal card iac  rhythm continued. 

In  t h e  majority of cases,  an amount; of 1.5% oxygen was more than 

s u f f i c i e n t  t o  maintain t h e  a c t i v i t y  of many adu l t  insec ts .  

It has been shown t h a t ,  when atmospheric pressure  decreases below tha.t 
t 

of 6 km i n  a l t i t u d e ,  wasps and bees are unable t o  jump o r  f l y  i n  t h e  air. 

5 This  f a c t  has  l e d  Siege1 t o  state tha t ,  i f  t h e r e  are any f l y i n g  forms of l i f e  
i 



i n  the atmosphere cf Mars, they must have a very d i f fe ren t  cons t i tu t ion  from 

those forms of l i f e  which fly i n  the t e r r e s t r i a l  atmosphere. 

Another surpr i i ing  r c s u l t  has been the f a c t  t h a t  l ichens have been able 

t o  r e s i s t  u l t r av io le t  rpdi3t ion  4,000 times greater  than tha t  which they 

receive on the  Earth. It has a l so  been found tha t  l ichens and moss can 

r e s i s t  gamma radia t ion  on the  order of 500,000 radons, vhich is  1,000 times 

grea ter  than the  l e t h a l  dose f o r  man. 

A l l  of the  r e s u l t s  achieved in the laboratory have shown us the  great  

p l a s t i c i t y  which cer ta in  forms of l i f e ,  animal o r  vegetable, display when 

subjected t o  conditions s imi lar  t o  those which a r e  known t o  prevai l  on the  

surface of Mars. It is  tburefore log ica l  t o  assume tha t  a pa r t i cu la r  kind 

of l i f z  has been able  t o  adapt t o  the  Martian conditions. J u s t  l i k e  on the  

Earth, there  must have been an evolutionary h i s to ry  of the  planet with 

biological  solut ions,  which may have been superior  t o  those on the  Earth, 

and thus th,at which we understand by l i f e  on our planet could have been 

established. 

Hypothesis Regarding Possible Existence of L i fe  on Jup i t e r  

Many researchers f e e l  t h a t  Mars has reached the  end of its development, 

whereab Jup i t e r  is a t  the beginning of i ts  development. It must be re- 

membered t h a t  t h i s  planet  is extremely cold, although i t  is possible t h a t  

cer ta in  extremely dense atmo3oheric layers  there a r e  temperatures ranging 

from !I0 t o  80°C, which f a w r  the  fornation of 5mmense clouds of organic 

material  and probably primit ive organisms. 

Up t o  the  present time, the  only models on the  atmosphere of Jup i t e r  

a r e  based exclubively on s tudies  regarding the  gravity,  composition of the  

planet 's  satellites, a s  well a s  spectroscopic analogies. 

It is  believed t h a t  the  highest par t  of the  atmosphere of Jup i t e r  is 

composed of a layer  having a base of ammonia vapor, another layer  of 



Figure 3. General sketch of planned 
vehic le  f o r  t he  program of Phi lco 
Corporation Aeronautic Division. 
This vehic le  w i l l  land on Mars and 
w i l l  ca r ry  out  a s e r i e s  of ear th-  
d i r ec t ed  t e s t s  t o  determine the  
poss ib le  ex is tence  of microorgan- 
isms. 

Figure 4. Kakabekia Umbellata. 
Organic f o s s i l  which is  present ly  
i n  Scot ia  and which da t e s  back two 
thousand mi l l ion  years .  

microscopic drops of water,  and, f i n a l l y ,  a l aye r  of s o l i d  o r  l i q u i d  hydro- 

gen. A l l  of these  l aye r s  could contain s u b s t a n t i a l  amounts of methane, 

hydrogen, helium, ammonia, and neon. The p lane t  has  a s t rong  magnetic 

f i e l d  and a d iu rna l  cycle  of 10 hours, which leads  t o  a rapid change between 

hea t  and cold. 

Doctor Pannamperuna of NASA has ca r r i ed  out  unusual experiments using 

s imulators  of t h e  atmosphere on J u p i t e r ,  and the  r e s u l t s  have been very 

promising. 

J u p i t e r  may very w e l l  contain t h e  o r ig in  of l i f e ,  which w e  s h a l l  explain 

by means of two recent  discoveries .  One dea ls  with ancestry,  i nd ica t ing  t h e  

t h e  pr imi t ive  cons t i t u t ion  of t he  Earth, ( s imi la r  t o  t h e  a c t u a l  atmosphere 

of Jup i t e r )  and t h e  o ther  dea l s  with synthes is  performed i n  a laboratory.  



Professor Siegel  was carrying out invest igat ions about l i v ing  organisms 
, . 

which develop under very unusual conditions, when he found i n  the  foundations 

of the  Harlech Cast le  i n  Gales a microscopic form of l i f e  having a diameter -'+ 

of f i v e  microns. It had adapted t o  an atmosphere of methar.e and ammonia, ... 

sometimes mixed with oxygen and sometimes not.  H e  was able t o  c u l t i v a t e  t h i s  ....- 

i n  the laboratory f o r  more than s i x  months without being able  t o  r e l a t e  i t  

t o  any ex i s t ing  species of l i f e .  + 

In 1965, D r .  Barghoorn of Harvard University and a geologist a t  t he  

University of Wisconsin, Stanley Tyler,  published t h e i r  discovery of very 

o ld  Canadian rocks da t ing  back some two thousand mil l ion years,  which is 

the  o ldes t  f o s s i l  which has been found up t o  the  present and which was named 

Kakabekia Umbellata. It was shaped l i k e  a micro-umbela, exact ly l i k e  the  

one Siege1 found i n  the foundations of Harlech Castle.  1672 -- 
This indica tes  t h a t  t h i s  form of l i f e ,  l i k e  a l l  o ther  forms of l i f e  which , , ...' 

i .* 
have continued through time without being extinguished o r  modified i n  any 

.--< 
?- 

way, has stayed i n  one place and has retained t h e  cha rac te r i s t i c s  of t h e  

primit ive environment. 

S iegelwas  l a t e r  able t o  show how microorganisms can e,tist i n  atmos- 

pheres having a base of ammonia-methane. 

It has been establ ished t h a t  the  pr imi t ive  atmosphere on the  Earth 

two thousand mil l ion years ago was made up primarily of ammonia, methane, 

and water vapor, with no oxygen. The Kakabekia f o s s i l  indica tes  t h a t  a 

s e r i e s  of microorganisms developed which did ;lot requi re  oxygen f o r  t h e i r  

v i t a l  a c t i v i t i e s ,  uhich is shown by the Kakabekia which l i v e s  a t  t h e  

present time. The sediments i n  which the  Kakabekia f o s s i l  has been found 

i l l u s t r a t e  the  t r a n s i t i o n  from a reducing t e r r e s t r i a l  atmosphere t o  an 

oxidizing atmsphere,  which e x i s t s  today. 

This i l l u s t r a t e s  f o r  us the  tremendous i n t e r e s t  i n  bioastronautics .  

The planets  a r e  labora tor ies  showing us how the  elemental forms of l i f e  have 



s t a r t e d  a t  t h e  same point  of o r ig in  and have evolved i n  a very d iverse  fzmn 

i n  the  course of four  thousand mi l l ion  years .  

This o r i g i n  of l i v i n g  matter  has  been reproduced recent ly  i n  laboratory 

experiments. This synthes is  of organic mater ia l  is the  r e s u l t  of a work 

published by the  Russian, Oparin, i n  1924 i n  the  book, "Origin of ~ i f e " .  H e  

defends the  t h e s i s  t h a t  l i f e  was i n i t i a t e d  i n  a microscopic, un ice l lu l a r  

form, with an elemental archiplasm and dispersed molecules of nuc le ic  acids.  

Recently, Professor  Sidney Fox, Di rec tor  of t h e  I n s t i t u t e  of Molecular 

Evolution of t he  University of Miami, has  published t h e  r e s u l t s  of experiments 

performed i n  h i s  department. 

The experiments zmployed an atmosphere based on carbon dioxide, methane, 

ammonia, water and hydrogen vapor, which is absolutely s imi l a r  t o  t h e  primi- 

t i v e  atmospheres of t he  planets .  This experimental atmosphere w a s  subjected 

t o  i n t ense  u l t r a v i o l e t  r ad i a t ion  and e l e c t r i c  discharges,  with an 

i n i t i a l  mixture of dry amino acids .  

We may r e c a l l  t h a t  amino acids  are the  bas i c  substance of pro te ins .  These 

dry amino acids  were subjected t o  temperatures on t h e  order  of 100°C, pro- 

ducing a chain react ion,  r e t a i n i n g  t h e  bonds betweebn them by pons, which is 

similar t o  t h a t  of a c t u a l  proteins .  The f i n a l  resuilt was what Sidney Fox has 

ca l l ed  proteinoids.  The proteinoids have a s p e c i f i c  sequence, i nd ica t ing  

t h a t  t h e  i n i t i a l  amino ac ids  had a c e r t a i n  or ien ted  organization. The pro- 

t e ino ids  a r e  organized i n  s t r u c t u r e s  o r  microspheres , which can produce buds, 

which i n  t h e i r  t u r n  produce new microspheres. I n  eiach phase c2 t h i s  

evolutionary cycle self-organizing mechanisms appear, which are responsible  

f o r  t h e  cons t i tu t ion  of a l i v i n g  Rystem. 

We f i r s t  have proteinoids and amino acids ,  followed by a c e r t a i n  

o r i en t a t ion  toward t h e  environmental condi t ions (organic s e n s i t i v i t y ) ,  and, 

f i n a l l y ,  a continuation (maintenance of t he  l i v i n g  form). These th ree  

cha rac t e r i s t i ce  a r e  i nd ica t ive  of a l i v i n g  being, There is an organizat ion 

'f' , .,.- 
- . .. 



atmospheric pressure . temperature 

Figure 5. Greph comparing the  atmos- Figure 6. Graph comparing t h e  atmos- 
pheric  pressures  on Mars, Earth and pher ic  temperature on %rs, Earth 
Venus. and Venus. 

which i s  transmitted, possibly by means of t he  self-reproduct ive mechanism, 

by the  same method t h a t  v i ruses  use. 

Charac ter i s t ics  of l i v i n g  beings a r e  cont ro l led  by the nuc le i c  acids .  

Similar  experiments have been made which produced these  bodies,  although a 

s t a b l e  self-organization was no t  achieved. - I673 

As Harold Klein has es tab l i shed ,  a l l  of t h i s  poses d e l i c a t e  problems f o r  

t he  so-called b io logica l  probes which have been planned. They must perform 

d e l i c a t e  t e s t s  t o  d is t inguish  what is i n  r e a l i t y  a l i v i n g  being, i . e . ,  a 

mater ia l  being capable of interchanging mater ia l  with t h e  environment, 

transforming energy, r eac t ing  with the  s t i m u l i  of t h e  environment i n  order  

t o  be perpetuated. This type of l i v i n g  being must be dis t inguished from t h a t  

which cannot perf0.m these  v i t a l  functions.  

A launching program of b i o s a t e l l i t e s  is  planned f o r  1970 t o  c l a r i f y  a l l  

of these questions. 



Final  Considerations 

(a) The pressure curves corresponding t o  Mars, the  Earth, and Venus 

a re  prac t ica l ly  para l le l .  The Earth and Venus have almost the  same gravity,  

although they d i f f e r  i n  temperature. They have pressure l i n e s  which a re  

almost pa ra l l e l ,  owing t o  the  f ac t  tha t  the  averagr mass of molecules i n  the  

atmosphere of Venus is much greater .  

On the other  hand, Mars has a lower gravi ta t ional  value, a higher 

m l e c u l a r  mass and a lower temperature, which makes the  pressure curve 

almost para l le l .  

(b) The temperature on the surface of Mars is  approximately two-thirds 

of tha t  on the  Earth, and a t h i r d  of t h a t  on Venus measured i n  Kelvin degrees. 

(c) The p o s s i b i l i t i e s  of l i f e  a r e  closely r e l a t ed  with the  profound 

s t ruc tu ra l  changes i n  l iv ing  material which could develop on these planets.  

(d) The exploratory, b io logica l  experiments a r e  aimed a t  the  construc- 

t ion  of a space vehicle which could s e t  i n  operation a cent r i fugal  mechanism 

t o  determine the  minimal gravity required by p lants  and animals, a s  well  as 

the r e l a t i v e  biological  value which is necessary t o  adjus t  t o  the  a r t i f i c i a l  

gravity. 

(e) It is necessary t o  study the  b io logica l  rhythm of organisms which 

a r e  not under the d i rec t  influence of the  Earth and a r e  subjected t o  the  

corresponding influence of other planets.  This is the  purpose of the  Bio- 

pioneer project  planned f o r  1972-73. 
\ 
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